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ABSTRACT 
|  Confidential] 

A  doppler-sense  separation  technique,  applicable  to  the 
Madre  radar  system,  separates  radar  targets  into  app.  caching 
and  receding  targets.  The  presentation  of  unambiguous  doppler 
frequencies  of  up  to  one-half  the  radar  sampling  rate  is  made 
possible.  In  addition,  three  desirable  t  (/lateral  features  an  be 
obtained:  (a)  some  suppression  of  eart'  Uackscatie-  return' ,  ;b) 
simpie  i-f  bandwidth  control,  and  (cj  the  tviilabibty  of  range-ga*ed 
and  essentially  continuous-wave  signals.  'Che  separation  technique 
has  a  theoretical  signal-to-noise  ratio  improvement  of  3  db. 
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A  METHOD  OF  SEPARATING  APPROACH  AND 
RECEDE  PULSE  DOPPLER  RADAR  ECHOES 
[  Unclassified  Title] 


INTRODUCTION 
Statement  of  the  Problem 

The  work  described  in  this  report  has  been  an  effort  at  extracting  all  of  the  doppler 
frequency  information  possible  from  the  Madre  radar  (1,2).  In  brief,  this  radar  is  aa 
iif  coherent  pulse  doppler  system  requiring  suppression  of  the  earth  backscatter  returns 
and  employing  a  signal  processor  with  storage  times  of  from  20  seconds  to  7  minutes,  a 
time  compression  of  about  83,000  to  1,  and  a  variety  of  signal  analysis  methods. 

In  coherent  pulse  doppler  radar  systems  it  is  common  to  convert  received  signals  to 
a  zero  intermediate  frequency  (bipolar  video).  With  such  a  system,  unambiguous  doppler 
can  be  indicated  for  frequencies  up  to  one -half  of  the  pulse  repetition  frequency  (sampling 
rate);  however,  approach  or  recede  information  is  lost.  If  an  i-f  placed  at  one-quarter 
of  t!ie  pulse  repetition  rate  (PRR)  is  used,  approac'  or  recede  targets  can  be  identified 
by  displacement  above  or  below  the  i-f  frequency,  but  the  available  unambiguous  doppler 
extract  is  one-eighth  of  the  pulse  repetition  rate. 

In  this  report  the  application  of  a  doppler  sense  separation  t-  hnique  that  effectively 
separates  Madre  radar  system  targets  Into  approaching  and  receding  targets  will  1k> 
discussed. 


Proposed  Solution 

After  considering  several  possible  solutions  to  the  problem  of  separating  approach 
and  recede  targets,  it  was  decided  to  choose  a  pair  of  filters,  each  having  a  bandpass  of 
one-half  the  pulse  repetition  frequency  (Prf)  of  180  pps  for  Madre,  with  the  crossover 
point  at  the  i-f  carrier  selected  (100  kc/s).  Although  approach  and  recede  doppler  can 
be  separated,  all  range  resolution  will  be  lest.  To  preserve  range  information,  the  side¬ 
band  fillers  can  be  gated  “on*  for  a  short  part  of  the  iiiterpulse  period.  A  workable  system 
that  would  retain  essentially  the  range  resolution  of  the  Madre  primary  system  would 
require  a  bank  of  22  pairs  of  filters  sequentially  gated  o.i  for  240  .  sec.  The  outputs  of 
low  and  high  sideband  (LSB  and  USB)  filters  would  require  separate  data  processing  and 
display  channels. 

Sideband  filters  having  the  characteristics  shown  tn  Fig.  2,  witn  a  12-db  notch  at  the 
carrier  frequency,  will  g've  some  rejection  to  the  lower  doppler  frequencies.  Since  earth 
oaekscatter  returns  appear  withii'  a  few  cycles  of  the  carrier  frequency,  an  improvement 
tn  earth  backscattei  suppi  essum  can  t-*  realized.  In  theory  al!  near-zero  doppler  return 
rejection  could  be  accomplished  by  sideband  filters  with  appropriate  skirt  design,  it  will 
be  noted  that  the  gate  width  determines  the  frequency  bandpass  since  the  doppler  separa¬ 
tion  filters  arc  relatively  narrow.  The  240-  see  gate  example  is  compatible  with  the 
norma!  '<-kc  s  system  bandwidth.  When  a  more  restricted  bandwidth  is  desirable  (due  to 
co-channel  interference,  for  example),  it  may  be  secured  bv  sing  a  wider  gate  with,  of 
course,  a  sacrifice  m  range  resoluti  jn.  By  providing  an  adjustable  gate-width  facility, 
the  radar  i-f  bandwidth  is  easily  com  rolled 
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Another  collateral  result  of  nominal  80-cps  bandwidth  filtering  of  a  range-gated  seg¬ 
ment  of  the  i-f  is  that  this  achieves  the  correct  format  for  doppler-time-history  analysis 
and  display,  that  is,  an  essentially  cw  signal  is  available  for  processing.  Without  such  a 
capability  it  is  necessary  to  range-gate  and  “boxcar*  prior  to  processing. 

Some  preliminary  work  on  mechanical  filters  at  NRL  demonstrated  that  a  ten-element 
torsion-mode  filter  could  produce  the  desired  bandpass  characteristics. 


DESCRIPTION  OF  DEVET  OPED  EQUIPMENT 

The  block  diagram  of  t  ig.  1  indicates  the  equipment  that  was  developed  for  this  prob¬ 
lem.  One  pair  of  magnetostriction  filters,  with  the  bandpass  characteristics  shown  m 
Fig.  2,  was  developed  on  contract  with  RCA,  Camden,  N.J. 


prf  ueoopsi 


MADRE  Cl  OCfc 
TRACK  (CO 


931  S  kC 

DIVIDERS  UlAOCPS  J 

MU.  TlP0$'T>09 

<-  J 

DISTRIBUTOR 

C.A7C 

TRIGG** 


GAU  OR'vCRS 


NA\Gf  r.AOP 
OUTRoT 


Kip.  1  -  Experimental  equipment  and  circuits  »«i^d  to 
arote  approach  and  recede  radar  turrets  by  the  use  of  dop- 
pier  informat  ion  in  the  Mad  re  rad  a:  system 


The  counting  and  commutating  circuits  necessary  to  make  the  filter  gating  compatible 
with  the  Madre  system  .vere  developed  at  NRL. 

The  gate -switching  rate  required  for  a  23- range  segment  system  at  a  180-cps  prf  is 
4140  cps.  This  was  obtained  by  dividing  the  Madre  clock  track  (931.5  kc  s)  by  225. 

A  mult 'position  distributor  using  three  Burroughs  UX-1000  beam  switching  tubes  ,.s» 
shown  in  Fig.  3.  The  initial  positit  ..  was  tet  by  Uie  sysivu*  &>sic  and  driven  by  the  divided 
clock  track.  This  distribution  provided  appropriate  trigger  pulses  for  the  filter  gates. 

Gating  was  avcomphshta  with  a  f  ai  transistor  chopping  unit.  The  Solid  State  Elec- 
tioiucs  Mi  del  50P.  In  tht  ‘jn*  cond’tUm  this  unit  has  x  maximum  signal  level  of  lOv  j>eak 
to  pi  .Ik  and  neai  unilv  In  tin  nmdit'on  t«u  gam  is  down  approximately  40  db. 


SfcUiJL’T 


SECRET 


NAVAL  RfSEARCH  LABORATORY 


3 


stClir  i 


F.j.  <-  -  Bandpass  (haracrrituci  oL  Hit  7i(..  3  -  Multiposition  cli.tributor  using  three 

lou.  r  sideband  (LSB>  an,  the  upper  side-  Burroughs  BX-1000  beam  switching  tubes 

band  (HoB)  filters  developed  for  the  nr- 
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sort  ni-iw 

Rt  '  KJK 

ALL  CAPACITORS 
ARC  IN  * l 


Fig.  4  -  Schematic  of  the  B  tube  used  in  the 
Madre  clock  track  divider 


NOtt  H»  ■  ISO* 

Ri  10* 

all  capacitors 

ARC  IN  s' 

Fig.  S  -  Schematic  ot  the  5  tubes  used  In  the 
Madre  clot’.,  i.ack  divider 


A  gate  with  greater  dynamic  range  may  be  desirable  for  the  complete  system.  A  solid- 
state  monostable  multivibrator  with  appropriate  isolation  and  bias  provided  the  balanced 
drive  required  for  the  chopping  unit. 

The  clock  track  division  was  done  in  three  steps  (9- 5- 5),  each  step  employing  a 
BX-1000  tube.  The  divide-by-9  tt.be,  Fig.  4,  is  driven  by  an  ECCO  FF  plug-in  unit  which 
is  trigger. d  by  a  pulse  formed  from  one-half  cycle  of  the  clock  track,  as  shown  on  the 
figure.  One  Diction  of  the  tube  has  been  eliminated,  thus  allowing  one  complete  cycle  of 
the  beam  for  every  nine  trigger  pulses.  The  output  of  the  target  preceding  the  eliminated 
l 'ion  is  amplified  and  used  to  ri  set  :he  ECCO  FF. 

’  divide-by-5  steps,  Fig.  C,  uUiiae  all  leu  sections  of  the  tubes  with  the  grids  driven 
direct'.  :  y  separate  targets  of  the  preceding  tube. 
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RESULTS 
Target  Separation 

Figure  6  shows  th**  results  of  a  simulated  receding  floppier  of  approximately  40  cps. 
The  signal  levels  were  set  just  below  the  system  saturation  point. 

In  Fig.  7  the  same  test  procedure  was  followed  as  in  Fig.  6  but  with  a  simulated 
approach  doppler  as  the  input  signal. 

The  input  and  output  circuits  of  tire  magnetostriction  filters  were  gated  on  for  a 
longer  time  than  the  actual  width  of  the  simulated  target,  thus  accounting  for  the  longer 
range  spread  from  the  filtered  channels  {Figs.  6(b)  ami  7(c)). 


Fig.  6  -  Simulated  target  receding  with  a  doppler  frequency  of  about  <0  cps. 
(a)  Con  cntional  Madrc  radar  system  primary  display,  (b)  the  same  receiver, 
converter,  data  processing,  and  display  channel  with  the  LSD  magnetostriction 
filter  inserted  before  the  synchronous  detector,  (c)the  HSU  filtei  replaces 
the  i. SB  filter.  Horizontal  scale*  representthe  range  (mi),  righl-hand  scaler 
represent  the  doppler  frequency  (cps),  and  the  left-hand  scales  are  not 
applicable. 


F...  7  -  Sm>  iia'eo  'arge!  approaching  with  a  doppler  frequency  ui  ubuut  40  cps. 
(a)  Cotr  e  in  tonal  Mad  re  r.t-lur  system  primary  display  fb>  'he  same  receiver, 
.  u  t  ,  l 1  (  *  'la*  *  *  av  t  Mi*  v,  a*  d  !ispia\  c  ha!,!..  1  „  if ii  the  *  'itiftvstrit  UOtl 

'liter  it.  c  u  t  .re  ■  he  sy  ti.  hi  debitor  lc  S  the  1.  .  i  replaces 

I  i  l  SB  tiller,  ilcitir  i.'ai  s  .a  -  t-otcsctit  the  r«t  ge  (nut  1 1  ut»  ’  stales 

r.i.r.  ..  t  i  ft,  tap,,!,  !  t  *  c,  ,  ■,  .  i  .  p>  I.  „  ui  *be  lel'-hutui  scat,  t* 

a. aide 
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Signal  Processing  Gain 

Using  the  doppler  separation  filters  reduces  each  channel  input  bandwidth  by  one-half 
and  could  provide  a  3-db  improvement  in  the  signal  to  white-noise  ratio  presented  to  the 
a  (gnu:  piucesaui.  A  precise  Cumpai  ison  of  i  dative  sensitivity  of  the  Uouplei -sepai  aled 
and  ambiguous  doppler  methods  was  not  accomplished.  However,  observers  experienced 
in  the  operation  of  the  Madrc  radar  believed  that  separated  channels  allowed  detection  of 
smaller  signals. 


Equipment  Illustrations 

Figure  8  shows  the  chassis  mounting  of  the  magnetostriction  filters  with  the  cover 
removed  from  one  filter. 

Figure  9  shows  the  magnetostriction  filter  element  in  some  detail. 

Figures  10(a)  and  lOfb)  show,  respectively,  a  top  and  bottom  view  of  the  chassis 
containing  the  dividing  and  multiposition  distributor  circuits. 


K.g.  S  -  Chw»>ia  mounting  ol  ihe  m.tgiu’oM  rn  lion  Utters 
.viih  .over  removed  from  one  Uller 


CONCLUSION 

The  performance  of  the  expert. tit  ntai  magnetostriction  filters  showed  the  feasibility 
ol  a  doppler  seust  serration  sc  stem  based  on  then  use.  The  single  pair  of  filters  devel¬ 
oped  has  lx en  uselul  m  tai  gi  l  c  i  oas-* -Ction  echoing  studies.  Tht  use  of  ouch  a  systerr  for 
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(b)  bottom  vuw 

Fig.  10  (continued)  -  Chassis  mounting  ol  ih<  dmd'iig  and 
multiposition  distributor  circuits 


target  separation  permits  the  presentation  of  unambiguous  doppler  f  requeue  tcs  up  to  oue- 
half  the  target  sampling  rate.  In  addition,  three  desired  collateral  features  can  be  obtained. 
These  are  (a)  some  suppression  of  earth  backsc alter  leturns,  (b)  simple  t-f  bandwidth 
control,  and  (c)  the  availability  of  range-gated  and  essentially  continuous-wave  signals. 

The  construction  of  magnetostriction  filters  with  the  characteristics  necessary  for 
this  purpose  proved  to  be  a  tedious  procedure  and  efforts  to  acquire  a  ..uf.'it  lent  number 
for  a  complete  set  were  aoandoned.  A  contract  has  been  It  t  lor  the  construction  ol  2b  pairs 
oi  crystal  filters  having  the  same  characteristics  as  the  experimental  iwir.  Future  plans 
arc.  to  install  these  Us  a  purl  of  the  Madrc  research  system  at  CISA. 
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Attn:  Mr.  Richard  A.  Krueger 
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Alexandria,  Va.  v0 
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Naval  Research  Laboratory 
Technical  Library 

Research  Reports  &  Bibliography  Unit 

To:  Larry  Downing,  DTiC 

From:  Darlene  DeMarr,  Code  5596.3 

Date:  9/17/2007 

Subject  Change  in  Classification  &  Distribution  Statement 


Please  change  the  classifications  &  distribution  statement  on  the  following  documents  to 
Unclassified/Unl  im  ited  Distribution : 

ADC954564  {NRL-3703-PT -1 )  Declassified  with  no  restrictions  9/1 1  /1 996 

AD0348828  (NRL-6066)  Declassified  with  no  restrictions  9/30/1 996 

AD0348901  (NRL-6037)  Declassified  with  no  restrictions  12/3/1996 

AD0352827  (NRL-61 17)  Declassified  with  no  restrictions  1/25/1996 

AD0361 630  (NRL-6247)  Declassified  with  no  restrictions  1  /7/1 997 

AD037701 0  (NRL-6476)  Declassified  with  no  restrictions  1  /29/1 997 

AD037701 1  (NRL-6485)  Declassified  with  no  restrictions  1/29/1997 

AD0377242  (NRL-6479)  Declassified  with  no  restrictions  1/29/1997 

AD0379058  (NRL-6508)  Declassified  with  no  restrictions  1/29/1997 

AD0379893  (NRL-6507)  Declassified  with  no  restrictions  1/29/1997 

AD0346383  (NRL-6015)  Declassified  with  no  restrictions  1/29/1997 

AD0349268  (NRL-6079)  Declassified  with  no  restrictions  1/29/1997 

AD0355651  (NRL-6198)  Declassified  with  no  restrictions  1/29/1997 

AD0368068  (NRL-6371)  Declassified  with  no  restrictions  1/29/1997 

Thank  you, 

Darlene  DeMarr 
(202)  767-7381 
demarr@nrl.navy.mil 
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